Purpose: We aimed to explore medical students' online learning patterns and needs by analyzing data obtained from an e-learning portal of Korean medical schools. Methods: Data were obtained from learning resources and registered users of the e-learning portal by the consortium of 36 Korean medical schools, e-MedEdu (www.mededu.or.kr) over a period of 10 years. Data analytics were performed of its contents and usage patterns using descriptive statistics. Results: The website currently has over 1,600 resources, which have almost tripled over the past decade, and 28,000 registered users. Two hundred and twenty medical faculty have contributed the resources; a majority of them were clinical cases and video clips, which accounted for 30% and 27% of all resources, respectively. The website has received increasing hits over the past decade; annual website hits increased from 80,000 in 2009 to over 300,000 in 2018. The number of hits on resources varied across resource types and subjects; 90% of all website hits were on online videos, and 28% of them originated from mobile devices. Among the online videos, those on procedural skills received more hits than those on patient encounters and video lectures. Conclusion: Our findings demonstrate the increasing use of e-learning in medical education in Korea over the past decade. Our study also shows a wide disparity in the frequency of use in learning resources across resource types and subjects, which have implications for improvements in the design and development of learning resources to better meet medical students' curricular needs and their learning styles. The learning resources at e-Mededu are intended to be used in various teaching and learning contexts. Most importantly, students can access resources at their convenience to meet their learning needs to supplement conventional instructions and for self-study outside of class. Thus, the availability of these resources aims to facilitate students' self-directed learning. Faculty members can also utilize these resources in various instructional settings, as student-centered learning and active learning are of increasing importance in medical education [7, 8] . For example, faculty members can ask students to pre-study e-learning resources before a class, or use these resources as teaching materials during lectures or for out-of-class activities in flipped classrooms [9] .
Introduction e-Learning has been a key feature of learning technologies in medical education and is expected to maintain its position of prominence [1, 2] . e-Learning encompasses many technologies and activities that constitute it, where the learning process is supported or mediated using technologies [3] . A meta-analysis of research in medical education indicates e-learning is associated with positive outcomes across a wide variety of learners, learning contexts, clinical topics, and learning outcomes [4] .
Still, studies have shown several significant barriers hinder the adoption and implementation of e-learning by medical schools [5] . Universities and colleges in South Korea have actively adopted e-learning since the early 2000s in parallel with rapid, nationwide developments in information and communication technologies (ICT). This was due, in large part, to a government initiative to become a global leader in ICT and to provide lifelong education. In 2006, about half of all colleges in Korea were offering e-learning, but relatively few of the contents of these courses were developed in medical schools [6] . This tardy adoption of e-learning by Korean medical schools was largely due to lack of resources for it [6] . To resolve this issue, Korean medical schools established a national consortium with the aim of offering quality e-learning resources developed by medical faculty to medical students. Currently, 36 of 40
Korean medical schools are participating in this consortium, which has grown from 25 schools since its inception in 2007.
Despite the wide adoption of e-learning in Korean medial schools initiated by the consortium, little is known about the current status of e-learning in Korean medical education. This paper reports the use of e-learning based upon the data from e-MedEdu accumulated over a decade to investigate medical students' online learning patterns and needs. We sought to answer the following questions:
(1) How many users have registered and how many faculties have contributed contents to e-MedEdu? (2) What types of resources are available at e-MedEdu and in what subjects? (3) How often these resources are accessed and which ones are the most frequently visited?
Methods

Development and organization of learning resources
The consortium offers an e-learning portal (www. mededu.or.kr), which is a repository of online resources contributed by faculty members from medical schools participating in the consortium. These resources are available free of charge to members of participating schools. An executive committee, whose members are representatives of member schools, runs the consortium.
This committee meets regularly, reviews the status of content developments and sets goals for future activities.
Member schools in the consortium have collaborated to develop various learning resources, which include clinical cases, clinical videos, clinical images, and quizzes, which are peer-reviewed before being made available on the website.
The learning resources at e-Mededu are intended to be used in various teaching and learning contexts. Most importantly, students can access resources at their convenience to meet their learning needs to supplement conventional instructions and for self-study outside of class. Thus, the availability of these resources aims to facilitate students' self-directed learning. Faculty members can also utilize these resources in various instructional settings, as student-centered learning and active learning are of increasing importance in medical education [7, 8] . For example, faculty members can ask students to pre-study e-learning resources before a class, or use these resources as teaching materials during lectures or for out-of-class activities in flipped classrooms [9] .
Users can find resources in e-MedEdu using a search engine or by browsing them by the categories offered at the website. In addition to the website, mobile applications were launched in 2011 that enable users to use e-MedEdu in mobile settings in response to the growing demand for mobile learning [10] . Users can also browse through the resources by major learning outcomes in basic medical education. This organization of learning resources help students find resources in subjects of their interest with more ease. This also helps Data analytics were performed of its contents and usage patterns. The data was obtained by running queries on the database regarding users, contents, and number of visits on them. The data were also stratified by resource types and subject categories. Descriptive statistics was performed for data analysis.
Institutional review board (IRB) approval was not requested for the present study, because it complied with the general exemption issued by our IRB, as the data utilized already existed and its acquisition did not involve any direct contact with any human subject. All data were collected anonymously. Table 1 shows the number of resources and registered users at e-MedEdu. Currently, e-MedEdu has over 1,600 resources, of which 87 (5.3%) were on basic sciences, 7
Results
Resources and user statistics for e-MedEdu
(0.4%) were on medical humanities; others (94.3%) were on clinical sciences. When classified by content type, the majority of these resources were clinical cases and online videos, followed by clinical images, quizzes, and audio clips. Other resources included online modules and
animations. There were currently 27,747 registered users; approximately 25,000 were students, 2,000 were faculty members, and the others were primarily administrative staff. Moreover, the effectiveness of using technology to enhance the learning of clinical skills using video clips appears to have motivated students to engage in e-learning. Our previous study showed medical student perceptions of clinical videos available at e-MedEdu that those resources were helpful in supplementing conventional face-to-face instruction on clinical skills [15] .
This finding is also consistent with those of previous studies that showed student satisfaction with clinical videos for the learning of clinical skills [16, 17] . This rise in popularity of clinical videos is also in large part due Despite the importance of clinical cases in medical education, our findings show they are not being widely used at e-MedEdu. This finding indicates our clinical cases need to be better integrated with medical school curriculum, which warrants more active use of these resources as teaching materials on the part of the faculty.
In the previous study, we found the low use of learning resources at e-MedEdu by faculty members for their teaching and the main reasons were lack of awareness of these resources and of pedagogical understanding of their utilities [15] . The consortium may need to enhance its efforts to identify best practices in the use of clinical cases by faculty members and to disseminate them so that they make active and effective use of learning resources in their teaching.
Furthermore, our finding of the low use of clinical cases by medical students may suggest they are not suited for the learning styles of today's students as well as online videos are. This indicates we need to make clinical cases more interactive and engaging for the students. This warrants future research on the design of clinical cases.
There are various formats for presenting clinical cases, from a simple text-based format to promoting interaction with the virtual patient in a computer-based simulation environment [18] . It is also plausible to present patient encounters using virtual and augmented reality, which are likely to become a prevalent technology in the near future [19] and are increasingly garnering the attention of medical educators [20] . Still, research is scant on such learning environments. Future research is warranted on more effective design of clinical cases to investigate whether they are used more widely by medical students and how to design them to better promote students' clinical reasoning skills.
Our study also found differences in the popularity of learning resources across subjects. Among online videos, clips on procedural skills were more frequently viewed by users than those on patient encounters and video lectures. Moreover, there were also differences in the frequency of use of online videos on procedural skills across content domains. Such differences might reflect the learning needs for medical students to supplement conventional instructions on clinical skills particularly on those not readily available for direct observation or those that demonstrate somewhat complex procedural skills. There were also differences in the frequency of use in clinical cases, and there might be several reasons for that. Some cases likely fit more closely with the core curriculum and some might be beyond the scope of basic medical education.
Our study has implications for future directions of e-learning in Korean medical education. First, there is a need to build up more multimedia resources in response to the trend of incorporation of multimedia items for student assessment to enhance its authenticity [21, 22] .
Our efforts to build up resources have been active on clinical cases and online videos, yet it has been slow in other multimedia resources such as images and sound clips. Second, our findings show our resource development has focused on the core curriculum pertinent to learning outcomes for basic medical education. There is a growing emphasis on "student-selected components"
(SSCs) in medical school curricular to promote student-centered learning by offering subjects of more choice and depth of study than the core curriculum [23] .
Therefore, there is a need to expand our resources to support such curricular components. Furthermore, elearning has the potential to offer an effective learning environment for SSCs by offering diverse learning resources and the flexibility for the learning of such components. The inter-institutional collaboration model of the e-learning consortium offers valuable experience in such collaborative efforts to provide learning resources that cover a broad range of subjects for SSCs.
This study has some limitations. First, this study was limited to the format of e-leaning which offer online learning resources through an e-learning portal. As there are various formats of e-learning, such as online courses, and various forms of learning resources are available in medical education, cautions need to be taken in generalizing our findings to other e-learning contexts.
Second, although this study found the use of learning resources differed across resource types and subjects, it does not offer direct evidence as to what caused such differences. This study calls for future research to explore what causes such differences to better understand medical students' use of learning resources in their learning. Such a study will help us advance of our knowledge of more effective use of e-learning that meets the learning needs of today's students and help improve medical education by supplementing face-to-face instructions. Third, our data was not sufficient to explore students' activities at our website associated with their academic performance. Future study of learner analytics regarding differences in the use of resources at e-MedEdu between high-achieving and low-achieving students is recommended to advance our understanding of effective use of e-learning.
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